











=: Sg oa 
= = —— 


om emg 


a 


— 























To THE Most ILLUSTRIOUS 


JOSEPH SLOP DE CADENBERG; | 
DocTor or Laws, PRorgssor oF ASTRONOMY IN 
THE UNIVERSITY OF Pisa, AND MEMBER OF 


“THE ACADEMY OF BONONIAs) 


Mott Illuftrious Sir, 


FCHE other nations of Europe / 
; | ought to regard Italy with an : | 
eye of particular gratitude. The 
Sciences and the fine Arts and Com- 


' the 2, ke - Fo 


merce, which Superftition and the 
inundationsof Barbarians had almoft 


entirely deftroyed, were revived 


a2 









ivf 
and greatly advanced by the noble : 





efforts of your Countrymen. 







“Tis to your Giora we owe the 
Mariner’s Compafs 5 to your Co- 






LOMBO, “merica; to your TorRI- 






CELLI, the Barometer, and.to your 
great Gauiteo, the Law f the fall 
of Eeavy Bodies, . 














Italy can at this day boaft of \ 
having given birth to a Mr de la A>. 
pany Diref&or of a very cele- be 
brated Academy in Pruffia, one of 
the moft profound Mathematicians 
that ever appeared; and toa gentle- 
man, greatly diftinguifhed by his 


io Ve 


{cientific knowled ge and hisamiable 





w 





of my labours. 
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qualities, whom. delicacy hinders 


me from naming. 


I am happy in having this op- 
portunity of acknowledging in a 
: public manner theobligations which 
I contracted to you during my long 
ftay at Pifa. Among the many 
_ very confiderable marks of friend- 
fhip with which you honoured me, 
that of diredting my Mathematical 
Studies was none of the leaft. For 
any little proficiency I may have 
made, I am indebted to You; and 
to You I think myfelf obliged in 
gratitude to dedicate the firft fruits 





{. wil J 
To merit the continuance of 


your friendfhip and elteem thall be 


_ the invariable endeavour of one, * 













who has the honour to be, with 


the greateft refped, 
Moft Iluftrious Sir, 
Your moft obliged, 


And moft devoted Servant, 


EDINBURGH, Q 


Feb. 18. 1783. ? 


WALTER MINTO. 
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E owe many of the moft important 

_ Difcoveries in Nature and Art to 

Chance, and to Men of Profeffions totally 
-pnconnected with them. | 


_ Printing was invented by a Soldier, and 
“Gunpowder by a Monk, 


_ The Magnifying Powers of the Telefcope ie 
have been greatly extended, and a New . 
PLANET difcovered, by Mr Wittram 
HERSCHEL, a Mufician by profeflion. 


We have no account of the Difcovery 
of the other Planets. Being all vifible to 
the naked eye, their appearance and mo- 

‘tions, different from thofe of the fixed 
{tars, would be remarked in the firft ages 
of mankind, 
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The Difcovery of the New Praner 
will form an Epoch in Aftronomy. Al- 
though it is invifible to the naked eye, it 
may have been obferved by different Aftro- 
nomers fince the invention of the Tele- 
{cope; for it requires no great magnifying 
power to fee it with fufficient diftin@nefs : 
But it differs little in appearance from 
fome fixed ftars of an inferior magnitude, 
and has been probably miftaken for one 
of them, 
: ¥ 
While Mr HerscueL, engaged in a 
feries of Obfervations, contrived in a moft 
ingenious manner, on the Parallax of the 
fixed ftars, was examining the {mall ftars 
in the neighbourhood of H Geminorum, he - 
perceived among them, in the evening of the 
13th of March 1781, one which appeared — 
vilibly larger than thereft. Being ftruck with 
its uncommon magnitude, he compared 
it to H Geminorum, and the fmalb ftar in 
the quartile between Auriga and Gemini, 
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arid finding it fo muich larger than either 


of them, fufpected it to be a Comet. 


~~ 


“TT knew,” fays he, (Puin. TRAN: 1781; 


Part I.) “ from experience, that the 


‘« diameters of thé fixed ftars are not pro- 
* portionally magnified with higher pow- 
* ers as the planets are. I obferved it 
with the magnifying powers 227, 460; 
and 932, and found the diameter of 
the comet encreafed in proportion.” 

All the aftronomérs of Europe were 
foon informed of the appearance of this 
New Star, and mott of them have conti- 
nued, as circumftance s allowed, to obferve 


it ever fince. 


‘The flownefs Of its motion ; ; its motion 
according: to the order of the figns of the 
Zodiac ; its vicinity to the ecliptic, and. 
fome other circumftances, made them foon, 
fufpect it to be a Planet, 
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- A’memoir was read to the Royal Acades 
my of Sciences and Belles Lettres at Ber= 
lin relative to this New Star, feven or eight 
months after its difcovery ; and Mr Dela 
Lanbe read a memoir on the fame fubje@, 
in the courfe of laft winter, to the Royal 
Academy of Arts and Sciences at Paris, at 
a meeting in which the Grand Duke and 
Duchefs of Ruflia were prefent. 


But the only work, of any confequence 
on this fubjeG, that, as far as I know, has 
hitherto appeared, is the Ob/ervationes et 
Theoria Novi Planete, publifhed at Pifa in 
the month of July laft year by Mr Sop. 
On account of the very great accura- 


cy of his aftronomical obfervations, and 


the fcrupulous exactnefs of his calcula- 
tions, joined to a profound knowledge of 
geometry, this Gentleman is defervedly 
ranked with the firft of his profeffion, 


The following fheets are divided into 
feven Sections. 
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The firft SeGtion contains part of the 
folution of the Problem, Zo determine the 
orbit of a comet by three obfervations, by Cap- 
tain TempeLnorr of the King of Pruflia’s 
Artillery. - This problem was propofed a4 
few years ago by the Royal Academy of | 
Arts and Belles Lettres at Berlin, and pre- 
miums were adjudged to the Marquis de 
ConpokcerT and to Mr TEMPELHOFE for 


their folutions of it. 


_ From the firft Seétion. are deduced: in 
the fecond fome methods for calculating 
the radii vectores of the Planets, the times 

of cheir periodical revolutions being fup- 
pofed unknown. ~Thefe methods: were 
tried by Mr Stop and myfelt, for deter- 
mining the orbit of the New Planet; but 
our faccefs did not at all anfwer our ex- 
pectations: Our refults in feveral different 
combinations differed widely from one. 
another, and from the truth.. They feem 
- ‘however not unworthy of a place, as fome 
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of them may be of ufé to calculate the or- 
bits of fome Comets. 


Mr Stop, defpairing of fuccefs from 
any known methods, found out an.equa- 
tion, by means of which he determined, 
with great accuracy, the radius vector of 
the New Planet at the time of its oppofi- 
tion to the Sun on z1ft December 1781. A 
defcription of his equation, and the de- 
monftration of a fimilar one are given in 
the third SeGtion.: In both thefe equations 
the radius vector is deduced from two ob~ 
fervations, both very near, or one of them 


very near and the other at, the oppofition, 


But as an error of even lefs than half a fe- 
cond of a degree, in obfervations fo very: 
near each other, muft make a confiderable 
error in the value of the radius vector, 
thefe equations can feldom be ufed to ad- 
vantage. Mr Siop’s fuccefs depended on 
the great exactnefs of two of his own ob- 
fervations made in the neighbourhood of 
the oppofition. 
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The two equations referred to led me to 
think, that by amy two obfervations what- 
ever the circular orbit of a Planet might 
be determined.. This is demonftrated in 
Seétion IV. The Reader will eafily fee that 
thefe two equations are corollaries which ~ 
may be drawn from the folution of the 
general Problem. 


‘The fifth Section contains a number of 
obfervations of the New Planet, by Mr 
Herscuer at Bath, Mr Stop at Pifa, Mr 
Profeflor RoBisoN at Edinburgh, and 
others, from its firft difcovery on 1 3th 
March 1781 to 23d January 1783. 


The obfervations of Mr Herscuer are 
calculated from the account which he has 
given of them in the Philofophical Tranfac- 
tions. Inthat account the Planet is traced in: 
its motion through a group of Telefcopic 
Stars, of which he gives figures and a {cale. 
The different figures are connected by three 
interpolations, and the calculation proceeds 
en the fuppofition, that on March 13th 
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the Right Afcenfion of the Planet was 
84° o' 0", and its North Declination 24° 
33.0. .I do not hear that.any more ex- 
act determination has been given of thefe 
places. 


The obfervations made at Mannheim by 
Mefl) Mayer and Koenie, Aftronomers 
to the Ele@tor Palatine, with an excellent 


mural quadrant. of eight feet radius by. 
Bird; {eem, efpecially that of 1ft February 


1782, to. be affected with confiderable er. 
rors. 


/ 


The Right Afcenfions and Declinations. 


obferved by Mr Stop were deduced from > 


a comparifon of the Planet with feveral te- 
lefcopic ftars in its neighbourhood. Thofe 
from the 5th October 1781 to 14th March 
31782 inclufive, that of the oth October 
excepted, were made with a mural qua- 
drant of fix feet radius by Sifon, and all 
the reft with an excellent refle@ing tele- 
{cope on an equatorial machine by Short. 
The longitudes and latitudes were com~ 
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puted feparately by Mr Stop and myfelf, 
and, on a shied ah ce were found to 
agree to +1; of a fecond, the longitude of 
20th ficiters excepted. The longitudes 


want the correction for the nutation. 


{ 


The obfervations by Profeffor Ropison 
are the intervals, in mean time, between 


the tranfits of the planet, and of a te- 


lefcopic ftar, which he calls A, fituated 
between » and «Geminorum. It is found 
in the Britannic Catalogue, page 6th line 
roth from the top. Its mean right afcen- 
fon 1ft January i 70 es a! grag! 
58°, and its declination is 23° 36) i 
north. The fecond column contains th 
difference of the declinations of the pha 
net, and. of H Geminorum. That very 
ingenious Gentleman does not confider 
thefe obfervations as of great moment, 
being made with no other inftrument 


than a reflecting telefcope furnifhed with 


a micrometer, The pofition of the hora- 
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fy wire was determined by means of 4 
a ruler making a certain angle with it, and 
a fo fixed that its edge covered two known. 
ag _ fixed ftars.. , : 

This feCtion contains alfo the Sun's 
places, and the logarithms of its diftances, 
from the Earth for the mean times of e 
motft of the obfervations made at Pifa. 


: _ The fixth Section contains an illuftra- 
Sa tion of the general problem of Section 
| IV. by obfervations of the New Planet. 
From feveral different combinations the 
radius vector of its circular orbit, the time 
of its periodical revolution, and the incli- 
nation of its orbit to the ecliptic, are de- 
termined. It has been obferved for too | 
fhort a time, to enable us to determine its 
elliptical orbit with any tolerable degree of 
accuracy: 9 


The laft feG@tion contains Mr Srop’s 
theory, and its agreement with his obfer- 
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vations. The longitudes are counted from 


the Planet’s oppofition to the Sun in the 


year 1781, December 21718 38" so” mean 
time at Pifa. 


fe hear Mr Herscuet has, with the ap- 
probation of the Royal Society, given to 
the New Planet, the name Georgium Sidus. 
The encouragement his prefent Mayjetty, 
by his beneficence and his own example, 
gives to aftronomy, certainly entitles him: 
more than any other living Sovereign to 
that honour. But it is not very probable 
that this name will be continued. The Sg- 
‘tellites of Fupiter were named by their 
difcoverer GALILEO, Pianeti Medicei, in 
honour of his patrons the Mepici, a fa-~ 
mily, the memory of which will be re- 
vered as long as a tafte for the fine arts 
and the fciences remains. This name, 
however, was difcontinued. 


Had Mr Herscuet or Mr Stop given 
it the name of fome of the ancient heathen 
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deities, it would have been, without hefi- 
tation, univerfally adopted. Among that 
number, Minerva, without all doubt, de- 
ferved the ‘pre-eminence. The planet 
Venus has very properly obtained that: | 




















name from its beauty and brilliancy ; and 
the planet Mars has been fo called from its: 
red colour. The New Planet, being a tele- 
ae {copic ftar, may be faid to denote the: 
| modefty of the Goddefs of Wifdom. 


Aftronomers have agreed to diftinguith. 
each planet by a particular mark. ‘Thus 
the mark for Jupiter is y, and that for 
Venus 9. I have taken the liberty of de- 
noting the New Planet by +L, a compound 
of the firft and laft letters of the. furname: 

a a 
of its Difcoverer. 
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Défeription of part of the folittion of the Pro- 
blem, To determine the orbit of a Comet 
_by three obfervations. — 


HIREE obfervations of a planet or 
comet being given, and calling 


Its curti-diftances fen th the earth, at the 
firft, fecond and third obfervatioris ~, 4, 
and =. 


A 





ad 
Its elongations from the fun e, ¢ and ¢. 


And the fanis, motion. from. the. firft to the 
fecond obfervation, and from the- firft to 
the un a and- d. os e 


Mr Teapaor rigidly sito 
that 


OE AT Taak » fin. ed Fd +tang. ax 
fin. e-—e"+-d'+tang.a" fin. C—e—d) xyz + 


-- (tang. a’ fin. e+d—tang. a fin. e’—d'+d) 
bxz + (tang. x fin. ed —d—tang. vax 
fin. e-+-d’) cxy—tang.a’ fin. d. abz+-tang. nx 

fin. d', acy—tang. x fin. d—d. bex=o. 


The feétors deferibed by the radius vec- 

tor of a planet or comet are proportional 

‘ to the times it takes to defcribe them. 
Thefe fectors, if the motion of the heaven- 
ly body is flow, or the times fhort, will be 


*! 


Its geocentric latitudés’a, x’ and Ne 


The earth’s *diltandes froin the in 4, ix tnd es 


(tang. »' fin. e"—d'—tang. x” fin. é—d) ayZ 































784 


nearly proportional to triangles which have 
‘the fame fides with the fecors,, and the 
chords of their arcs for bafes. Any two 
of thefe contiguous triangles are propor- 
tional to the parts of the chord of the are 
of the two corre{pondént- fectors--deter- 
mined by the interfeGtion of that’chord,and 
the fide common to both triangles: Or, in 
other words, if (fig. I.) C C’ C’ reprefent 
part of the orbit of a planet or comet, and 
oC, SC, SC’ its radii vectores, drawing the 
chord CEC’, and calling the time between 
the firft and fecond’ obfefvations and the 
tume. between the fecond and third mand 
n, We thal have EC; EC": 2M: Me 


This ome 8 our Flies proves, shag 


HW. (= a fin. ate fin, fda) y— 
fin. e—c—d, xy--fin. e'—e—d' +d. yz—— bX 


fin, ed .x—b fin, PP Hd, xt WZ a x 
fin. d—c fin. d—d)=0 
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By a very ingenious analyfis, he thews 
likewife, that | i 












. 4 TT: (Sin. ¢ tang. a'—fin. ¢- a tang. ’). 
e a (fin. e-+dtang. a—fin. ¢’ tang. a) x +(= a 
‘fin. d—c fin. d—d) tang, a'=o 

or exprefling the known quantities by f, g, and 4, 


iif. fz—gx-thoo. 


If we call the radij vectores R, R’ aad 
R' we have 


WW. R2 = a? —= 2ax cofin, etn? fec.2 a, 
Vo R25? — aby cofin. e'4-y? fec.? a’, 


VI. R'? = ¢? — 2cz cofin. ¢’4-z2 fec.2 a” 


iT %s A 


SG Lo N Sie 
Some rie of determining the Radii vettores 
of the Planets, deduced from Sect. L. 


F the planet’s orbit be fuppofed circu- 
lar, the IV. V. and VI. equations, 
compared together, will give values for 
x and y, exprefled by known quantities, 
and by z, which, fubftituted in equation 
‘T. or IL. will free that equation from all 
unknown quantities, = excepted, 


The value‘ of z drawn from the IIL 
equation, and fubftituted in equation 
VI. will, on a comparifon of equations IV. 
and VI. produce ‘a quadratic equation, 
where x only is the unknown quantity. 

Since any three obfervations, at fhort 
intervals from each other, give 


fe—ex+hao, 
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it 1s evident that, if the firft and laf of 
—thefe obfervations are fuppofed to remain 


the fame, and , the middle one to be 
changed, 


fz—e'xt+h'=o ; 


four obfervations, therefore, will vive the 
AIneaLy equation, 


é 
| atl t 
, RPT Rear ay! : 
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: If. five. obfervations are given: call- 
ing the correfpondent curti-diftances from 
the earth 7, 5, ¢, w, v, and taking, inftead 


of f, g and 4, the letters 4, g. and. 4, We 
have from. 


‘The ste fecond and third wy 2h 
I. bsetdeod ; 
The firft, fecond and fourth, 

‘Ti. pu—gr+k'=o ; 


- The firft, fecond and>fifth, 





HI. p'v—g'r4+-k'=0. 





“a 


The firft-of thefe equations, compared 


with the fecond, gives «| itel ¢ tonsia : 
_ 29 t4q/h— gk 
Pe ; 


hy ia 


and the firft with, the ante 


ere bith” y) LE ORO 





If we now take the third, eau and 
fifth obfervations, and make LO We iy 
and v=z, and fubftitute the values of 
the two laft in equation I. of Sed. 1. we 
obtain a cubic equation, the folution of 
which will give the value of x. ‘If the 
fame values are fubftituted in equation I. 


of faid fection, we have a RET Ss equa- 
tion. 


When the fecond of three obfervations 
is fuppofed made during the planet’s op- 
pofition to the Sun, we have the | angle 
€=— 100". ands confequently, 


—f{in. e'—d'-+-d, z——fin. e-+d, x a fin. Pate 
—c. fin: d—d=o, 
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4n equation free from every function ‘of 
the planet’s latitude ; a circamftance well 
worth noting, efpecially when that lati- 
tude is confiderably fmall; for a very 
little error in latitudes not furpafling a 
few minutes, muft’ produce’a very great 
one in an equation of this kind, where 
the tangents of thefe latitudes enter. 


If therefore the fecond of five obferva- 
tions is fuppofed. that of the planet’s op- 


pofition to the Sun, and the values of .the. 
curti-diftances. at the. third, : fourth and. 


fifth fubftituted in equation Il. (of the for- 
mer fection) which alfo isfree of all func- 
tions of the planet’s latitude, one may 
very well be tempted to hope for a tole- 
rably exact refult from the folution of a 
quadratic equation. | 


Itis hardly worth while to obferve, that 


the curti-diftances from the Earth. being 
found, it is eafy to calculate the radii 
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rb Ginko and all the other elements of thé 
orbit of a planet. | 
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Defeription of Mr Sap 5 equation for finding | 


the Radius vefor of a Planet Suppofed to de- 
feribe a circle, and the demonftration of ano= 
ther equation of the fame nature. 


R SLOP takes two interpolated places, 

the one twelve hours before, and the 

other twelve hours after the planct’s oppo 
{ition to the Sun, calls 


= 


The radius vector # 


The Sun’s diftance nae the Farth at the time 
of the oppofition a 


The Sun’s mean diurnal motion at that time mt 


B 
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_ The Earth’s diurnal motion at that fame.time 7 
The planet’s obferved diurnal geocentric mo- 
tion g | 
The planet’s heliocentric latitude x! 
And demontftrates 


2a (mtg) x? | at(ntg)?x mm? _ 
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“x3 —— - 
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An equation of the fame nature may 
be obrained in the following manner : 


Suppofe (fig. If.) the planet’s place in the 
ecliptic at the time of its oppofition to the 
fun in the point E, and its place a few : 
hours before or after, in the point FE; let | 
the Sun be in S, and the Farth in the 
points T and T’, correfponding to the 
places of the planet. + 


From the point S, through T’ and E, 

- draw the indefinite ftraighrline SG. Join 
S and E by the ftraight Hine SE, and § 

and ‘IT’ by ST. Draw TE and produce it 

till it meet SG in G. From the point T 

draw TF perpendicular toSG. Join the 
points E and E’/ it is evident that EE’ 








will be fenfibly a ftraight line, and per- | 
pendicular to SG, confequently Beale! to | { 
TF. This done, let 




















The Sun’s SS from the Earth, aan i 
The radius Ve 
The planet’s heliocentric latitudes; 3 | 
| Its slongation, Sv sake si Tas 
| The Sun’s motion, TSG=y, 


And the time phavacn the obfervations fup- 
pofed expreffed i in decimals of a year=r, 


We have 
SE=SE'=y cofin. a, 


and the time of the planet’s periodical re- 
volution being ors 


*The angle Estate, 


and therefore 


The line ER «360°! cofin. a 
oe a 


B 2 
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TF=a fin. V, and SF=a cofin. V. 


a fin, V. 
§G—— cofin. r-+-GE' 
fin. T-+V. 


' a fin, V. 
GE-— = ieee Se cofin. Ae 
fin, I-++V. 





FG=SG—SF—_7 Veg both Wee 
fin, I-+-V. 








The fimilar triangles GEE and GFT give 
GE’: EE:: GF: FT, 


or fubftituting their values, 





a fin. V, 360°. % cofin, a 
ee YY COLIN. A Oe : 
fin. T-++-V, V x 
fin. V, 
- po “a cofin. V:a fin. V. 
fin. T+-V,. 
therefore, 


a fin, » T—fin. T+V. cofin. Ae HL — 360%. ?. cofin, a 
fin. ae eee a iV, fin. TV. fin. Vo / xs 





or making 


a fi in, yr 
fin. T—cofin, V. fin, T+Y. 





———— = Ag 
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fin. T-LV. —B + { | 
fin. T—cofin. V. fin, pee) PO | | ) 


and 


360°t. __ 
fin. V. =C. 





* 


We have the cubic equation 


3 2 AX? A*x POE es 
q B cofin. At aera Beer & 
fimilar to that of Mr Slop, and anfwering 


the fame purpofe, 


In this, as well as in Mr Slop’s equa- 
tion, the heliocentric latitude is fuppofed 
known. If that latitude is {mall it may 
‘be taken at random. A firft approximated 
value of » will give the neceflary cor- 
rection. : 
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Solution of the Problem: To determine the 
circular orbit of a Planet fram two ob- 


4 7 


fervations, 


ET the point S (fig, Il.) reprefent the 
center of the Sun, the curve TT" 


‘part of the Earth’s orbit, the curve PP 


part of the orbit of a planet fuppofed to 
move in a circle, and the curve EE part 


of the ecliptic. While the earth is fup- 


pofed' in T, let the planet be fuppofed — 


‘obferved in P; and while the Earth is in 
‘TY’ tthe Planet in) P.. Draw the ftraight 


lines ST, ST’, SP and SP’. From the peints 
P and P’ let fall perpendicular to the plane 
of ecliptic the ftraight lines PE and PE. 
Join the points § and E, S and FE, T and 
E, T and E. 
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Let 


The angles of eloligsnun§ STE=T; SEES 


The angles formed by the interfeétions of the 
curti-diftances from the Sun [SE, SE’], 
and the curti-diftances from the Earth 
[TE, TE’] in the points E and FE, SETHE, . 
cA Cig Bh sel CA 


And the Planet’s motion in the ecliptic in the 
_ interval of the obfervations ESE=z. 


Calling the Sun’s longitude at the firft ob- 
fervation ©, and at the fecond @’; . 


_ And the correfpondent geocentric longitudes 


of the Planet P and P’; 


aand making P’—P—M, 


we have 


& M—E ‘+E— aia | 


For T=o—P, T=0'—P,, the angle EST 


=180°—0-+P—E, EST’=180°—o'+P'— 
—E, and +the angle TST=0—o, fubfti- 
tated 3 in the felf-evident propofition 





EST=EST—T'ST=E'ST'—E'SE 


ny, 





















[ +6 ] 





give 
180°—@ +-P—E—'+@=180°—@+P—E—: 
which reduced produces the above equa= 


tion. | Py 


In order to find the expreffions of fome 
functions of the arcs or angles E, E and %, 


Let | . 
The Earth’s diftance from the Sun at the firft 


obfervation=a, and at the fecond =a’ | 


The correfpondent heliocentrie latitudes of the 
planet=a and a se | 


The radii ve@tores SP=—SP’'—R. 


And the planet’s motion in its orbit PSP’=S. 


Join the points P and P’, E and EF’ and 
parallel to EE’ from the point P to where 
it meets PE, draw the ftraight line PQ. 
PQ will be perpendicular to PE. 


The right angled triangles PES and 
PES give 


SESR. cofin. 4; & SER. cofin. %’ ; 











Ae ee 
And the plain triangles SET and SE'T’ 


, afin. T, » afin. T’ 
Sin. Estes and fin —— 
R.cofina, R, cofin. 4 


RVR being the time, expreffed in years 
and decimals of years, of the periodical 
revolution of the planet; if we call 7, ex- 
prefled in the fame manner, the time be- 
tween the two obfervations : we have 

LASGOF 9 ES 
~Ri/ Be. 
The triangle ESE’ gives | 

EE’: ES:: fin. 3: fin. EES; 

And EE’: F/S:: fin. : fin. S-+-EE'S. 
therefore 


cofin, » coffin. 3’ 
fin. EES fin, S-+-ER'S, 


hence a value for fin, EE'S, which fabii- 
tuted in the firft proportion, with the ne- 
cellary operations, produces 


(EE)?=R? (cofin, a—2 cofin, 2 cofin. x. 
cofin. 3-+-cofin.? 2’), : 


C 

















[ 
We have likewife 


i8 | 




















PQ=PE’—PE=R (fin. x—fin. j= 
=/(PP)?—(EE)? 
and 


'— R. fin. S . 
PP —_ A > R, fin. 2S 
fin. go°-——zS 


therefore 


4R?. fin.? $S—R? (cofin.?—2 cofin. a. cofin. a’, ” 
ycofin. $-+-cofin. 2’) —R? (fin. eens ths be n)? —o. 
hence 

180° te . 


RVR. 


—_————__-—— 


i—fin. a. fin. x—2 fin. 2 
cofin. = 


cofin. a. cofin. 1” 
We have now got expreflions for the 

fines of EK and EF’, and for the cofine of 

S, in which the only unknown quanti- 

ties are the radius vector and the fines 

and cofines of the heliocentric latitudes. 
The whole difficulty is therefore to find 
the expreflions of thefe fundtions of the 
heliocentric latitudes, , 








[49 J 
For this purpofe + Let 


The geocentric latitudes of the Planet be 
Jand /, 


And its correfpondent curti-diftances from 
the Earth, TE and T’E=wand v’. 


In the right angled triangle PES we 
have 


PE=v. tang. /ER. fin, a. 


therefore 


. 


fin. x= tang./. 


Vv 


And cofin. a=W 1— a tang. /, 
The triangle SET gives 
SE: ST:: fn. Ds finds 3 


And SE: TE:: fin. T: fin. 1+ -E, 


where fubftituting for cofin. », fin. E, and 


cofin. E their values, we obtain — 


R?2=¢2——2av. cofin, T-+v?. fea? 4 

















_ et ee nie 



















which fives 


@.cofin, T. @ colin. | 27: a? R? 
Co otk eee elt. 3. | Heat 
i. fec>2/ =f “fec.*7 TF fee Wael 


In the fame manner it is demonftrated, 
that 


a’. cofin, 'T’ ya? coon. ? a? R? 
Ye fec, 21’ +V¥ ~ fec.4l TT ieee eS oe : 
Thefe expreffions fubftituted re{pective. 
ly in the values of the fines and cofines 
of the heliocentric latitudes, and the new - 
expreffions r efulting fubftituted in the for- 


mulas 
a. fin T a. fart 
R.cofin, > ? R. cofin. »” 
and 


180°. ¢ 
R4/R 





t1—fin. A. fin.A—z fin.2 


cofin. A. cofin. a’ 


will give expreflions for the fines of E 
and E, and for the cofine of 5, entirely 


free of every unknown quantity, the 
fy _ radius vector excepted. 





Now as 


a fin. a E2 Es | 
fin. E->————————— re tr es | had 
V K?—9? tang-. / 7 W62,53 0 162235465 oc 
Gane a fin, T. ; E's 


Be aor yrae Sm ea 


i? (1—Ztang. . tang. pBais in ok) 


cofin. =— TIE ead IA ANS 
/G?—v? tang. 27) (R2 —v*tang.2/ 

Sos A: 

SUEE aa Ce 


it is evident no algebraic expreflions of 
E, E, and 3, can be had, except their 
fifth powers fhould be quantities infinite- 
ly little ; and confequently the equation 


M—E4-E—s=0 


cannot be folved in a dire manner, 


COROLLARIES. 


If the angle T=180°, which is the 
cafe if the firft obfervation of the. planet 

































[ 


is fuppofed made during its oppofition 
to the Sun, we have 


22 | 


M—I'—s=0, 

or if T’=180°, 
M+E—s=0, 

and if both T=180° and T= 180°, | 
M—s=o, 


which is of itfelf felf-evident. 


? 


If the time between the cbfervations is 
fhort, and the planet’s heliocentric lati- 
tude encreafes or diminifhes flowly, we 
have 


- and therefore 
M—E'+-E—S—o, 


and if both obfervations are near the 



















23. FR 


planet’s Spree to the Sun, wy 


have 
ive 
fin, E= ohet ren 
and 
fii pi ain 


sacmnanarins 8 cok. A 


and therefore 


a@ fin. Ta, fin. T rT 360°. 4 

bags B Cakes ha di a ? 
an equation of the third degree, the folu- 
tion of which will give you a very exact 
value of R, provided (the obfervations be- 
ing exaét), you have firft an approximated 
value to calculate the cofine of the planet’s 
heliocentric latitude by. | 


If the geocentric longitudes are fup- 
pofed equal, we have M=o; and confe- 


quently 


ar Xe eT om - seni = 
. a eee AT matte oe 
fe > aoe 2. ag eee eh - ee 
ieee —- 3 ae . . = 


—]' +h —s=0. 


= aie ae 
SE an EE 


ne eh i 














5 a ee LE 


this is the cafe with fome before and fome 
after the planet’s being flationary. And 
if the time between the obfervations 1s 
fhort, the motion in latitude flow, and 
the planet at a diftance great enough to 
make fin, E=E, and fin. E=E, the equa- 


a om | 


tion becomes lineary, 


260°. ft; colies AV 
mE EF ha sites awmsriee Jalh 0 * ARS 
as Caren iach 









To make ufe.of the general equation 
M—E'4+-F—s=0. 


Subftitute an arbitrary number for R in 
the equations 


4. {ms T 


ie fec, 2 if ro abaleg 


and 


’ a fin. $ ns 


“fect = 


4 
q: tang. /, 


v 


V 


R 


a? fin, ?.T a? | tae 
fec.* Z fec.? 2 fec,? 7 

ae tia ® 1 a? Ned 
fec.+ fec, 27 T 


. tang. [' 





fec, 72’ 


and the values of v and v thus found be- 
ing fubftituted in the formulas 





og 4 


will. give: you a value: for the fines; and* 
confequently. for the cofines of » and 4’: 
Then calculate the fines of E and E, and 
you have the correfpondent arcs. You 
may then calculate S, ‘after which you 
will eafily find the cofine, and confequent- 
ly the arc =. | 


Subftitute the arcs *E, E’ and = thus 
found in the general equation, which will 
become 0 if you have hit upon the true 
value of R, or will approach it in pro- 
-portion’as your fuppofed value approaches 


the real. 


Suppofe another value to R, and re- 
peat the operation as before, and you will 
fee which fappofition leads you neareft 


the truth. 


Let the firft arbitrary value of R_ be 
yr, and the fecond 7’, and the equation, in- 
ftead of o, will, in the firft cafe, become 


‘ 
@ 


=», for example, and in the fecond =». 


I fay, 
D 

























Se 





eS 



















[. 26, “J 
_ df the difference between the firft and- 
fecond values of R produces the difference 
#—o in the equation, what quantity to 


be fubtra&ted from the firft value of R 
will give the quantity «. 


Or, algebraically, calling the quantity 
fought m, . gts 


T—P 2a——o tt ilto 
which gives 
wo (r—r’) 


m—— 


7 
Qo 





Py or 
And R=r—y)— 


/ 
Bm Li) 





This value of R_ will be much near 


er the 
true than any of the two former. 


One or two operations more of the 
fame kind will bring you toa value for 


R as near the trne as can be defired, | 


If the latitude is only of a few minutes, 


fome trouble may be faved by {uppofing 


Le aged 
the heliocentric equal to the geocentric la- 


titude, or even equal to a, in order to ob- 
tain a firft approximated value for R. 


The formula - 


360" 
Ka/ Kt. 
will be expreffed in feconds of a degree 
in reducing 360° to feconds. ‘Fhis gives 
g—t296000"t 

a RYR Sd 
Let # be the number of feconds of time 
in ¢, we fhall have ¢ equal to 2" divided by 
the number of feconds in a year, or 


tia 


t 


(sigsetse 


This fubftituted in the lat expreffion of 


S gives 


Sew IKEHCOOG, 0. 40-6 0,0401 67.2" 
ee ce On 
3155505 RSKR Ri/R 


and therefore 


Log. S=8,6134934-+Log. t"——-Log. R/R. 
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-°In order to find the place of the planet’s 


Nodes, and the Inclination of its. orbit’ 


to the ecliptic: 


Let the portion of the planet’s circular 
orbit, (fig. IV.) defcribed in the interval 
of the two obfervations, be PP’. Pro- 
duce PP indefinitely, and defcribe part of 
a great circle of the ecliptic KKN meet- 
ing PP in the point N. From the points 
of the planet’s places, P and P’, let fall por- 
tions of great circles PK and PR’, perpen- 
dicular to K’KN. 
We have é 

Po, Pic) BRO 

P—E—KN=Longitude of the planet’s node, 


And PNK=Inclination of its orbit. 
The {pherical triangles PNK and PNK’ 


give 
1: fin. KN: : cotang. a: cotane. PNK, 
1: fin. Z4-KN :: cotang. a’: cotang. PNK; 


therefore 


cotanc, KN=_Cotang: 2-—cotang, 2° cofin, 2 
te he 


cotang. a’ fin, =. 
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SECTION 


Obfervations of tbe New PLAN ET : Sun's Places and 
. Logarithms of its di ifhances from ihe Eario at ine 
times < pane cp ge bi bag} 

RIGHT Afcenfions and ‘Declinations of the 
“New Planet, obferved by ) 


Mr HERSCHEL at Bath. 
1761. | 
Temp. deh Baln. | 

d. 


Afe. Red. #. , Dec. Bor. He 
ro) ‘ } GAY icf 








Mar. 13. 10 haan, 9 84 0. 0,01 23 33 0,0 


Mr MaskeELyNeE at Greenwich, 


Temp. ver,Gren. | 2 
Mai. 28. Stn Oi Q.0 





23 37 50 
Mr Stop at Pifa. i ’ 


Temp. ver. Pit, can ee 
Aug, 22.210 12 #4 1 G2 EI. £3,951 22 40 1343 
aS Diego, [ae aoeaetd |p 324° 16,3 
24 16 5 57192 16 8,7 | 23 40 21,7 


ern ’ 
ee | ~ —_— se 
2 ait Sr oi : 


3 Lg 
1781, 


Temp. ver. Pif, | Afc. Ref. _| Afe. Bor. 4. 
dio ch ‘ oink ks wae >t eaeee 








Aug. 26. 15.48 46 
2°77. 14°16 1 


92 20 40,6},23 40 12,2 
92°22 46,01 29 aor [aap 
28. 14 32 52192 25  6,2|23 A@ 10,0 
29. 14° 2 20) '92°27 Tao eae aan ano 
3° 13 57 35192 29 14,3123 40 844 
J 





Sep. 1. 14 35 1392 33 201423 40 3,2 
2.14 8 g|g2 35 30,0)23 40 2,8 
5+ 13 57 52}92 41 3,9}23 40 2,0 


Tl. 13 52 20/92 50 53,9} 23 390 58,0 
15. 13 39 41 | 92 56 28,3) 23 39 57,5 
18. 12 38.27.1932... 0.\-O.0) Ganon. 3.0 
24. 12 53 49193 $5 395123 40 0,8 
29- 12 38 34193 8 49,2123 40 3,0 
Ok 5.17, 23 43} 93.10:41,71 23° 40 13,1 
6. 17 20 5193 10 46,7/23 40 8,7 
8.17 12 ag | 93 10 48,4123 4o “8,8 
9. 12 13 0; 93 10 46,3} 23 40 14,4 
4. 10 50 33/93 8 547/23 40 21,3 
8. 16 35 23/93 7 1752123 40 25,9 
4. 10 12 241093 2 42,1}23 40 38,9 


Mell. Maver and Koenic at Mannheim. 


Temp.ver. Man. 
Nov. 4. 15 28 40] 92 49 19,9 | 23 41 31,0 


Mr MASKELYNE, 


Lemp. ver. Gren. | 
8. | 92 42 20,0 | 23 41 30,0 





1781. 


~ Nov. 
Dec. 


1782. 
Jan. 


Temp. ver. Pil. . 
de ne Peer he 
ft; 


oe 





Io 


i 


. 13 
£2 


12 


“ee %. 
Ts 
se 
- II 


II 
II 
10 
10 
IO 


HS Ee 


Io 
Io 


- 1O 
ei FQ: 
- %I0 


5 


Mr 


36 
19 
9 


O 


a7 
pies 


56 


~S1 


33 
28 


10 


am) 
56 


f 3 


4 


58 
<1 
58 


5 I 


“6. 
50 


22 


47 


31 


SLOP. 


Afc. Reé.H 
fe) \. / 4s 


Q2 
OI 
OI 
gi 
gt 
gi 
go 
go 
go 
go 


go 
go 
go 
go 
go 
go 


37 
44 
39 
33 
20 
17 
54 
ee 
40 
38 


27 
24, 
18 
13 





20,0 
391 
21,8 


5954 | 


14,6 
25,6 
5793 


p) 


57,6 
15,6 


67 


28,4 


50,1 
3452 
14,8 
32,6 
27,6 
5 Jag 


2244 


5429 
bias 
5329 





‘ 
ie SP Fe ouatnes = 
- _ . as a natal a ‘ i: 7 
oh = Eo 
Seas SiS ame i pe Sag sy 































Dec. Bor. 4. 
Oo / f/ 


23.43 3554 
23 43 34,0 


Jan. 20. 9 45 12 38 40,7 


36 30 


Temp. ver. Pil. | Afc. ReG. 4. 
d. hit? of re) : a 
34° 12,1 








89 
OG 89 
28. g 10 48} 89 21 41,8 | 23 43 33:0 
Feb. .1..°8 53.67) 89 13 “58,0 | 23 43 20,7 
4. 8 40 47 | 89 8 54,2 | 23 43 20,6 
it. “8)130 90) 80 58 3/3 Ao” 219 
15. 7 57.16; 88 53 42,9 | 23 43 21,8 
16. 7 53 20| 88 52 37,0] 23 43 23,2 
18. 7 45.31] 88 50 44,0 | 23 43 21,8 
19. 7 41 37| 88 49 47.1 | 23 43 21,3 
20. 7 37 45} 88 48 53,5 | 23 43 1737 
26. 7 14 48| 88 44 58,6 | 23 43 15,8 
27. 7 11 2) 88 44°41,5 | 23 43 11,2 
Mar. 3. 6 56, 5|.85 43 21,9 | 23 43 12,3 
4. 6 52 22).83 43 12,4 | 2s EO 
5. 6 48 411 88 43 6,9 | 23 43 11,9 
6. 6 44 58] 88 43 .7,9 | 23.43 10,1 
Bo baie 36) 88 43. 3,6 |23 43 38,2 
10. 6 30 16| 88 43 28,6°| 23 43 7,9 
11. 6 26.37] 88 43 44,0 | 23 43 10,6 
13. 6 19 23] 88 44 28,3 23 43 10,4 
14. 6 15 45! 83 44 5552 | 23 43 11,9 


Mr MASKELYNE. 


Temp. ver. Gren. 





















L 33 ] 

‘The geocentric Longitudes and Latitudes of the 
New PLANET, computed from the Right Af 
cenfions and Declinations obferved by 


Pei Mr HERSCHEL. 
1781. 5s! . | 
Temp. ver. Baln: | Long. geoc.H Lat: Bor: tH: 

aie hope nk A ar ae re et he 
Mar. 13. 10 30 
E7se LLG 
21. 10 Oo 
240° 8H 
20. 10 43 


84 30 5,0] 9 IT 42,0 
84 35 58,0 
84 39 15,0 
84 41 28,0 


Ca at O4 Oae2O+ 0.262050) 


28. 746 0! 84 44 5,0 | 
29. 8 50 9 84 45 33,0 - 
Apr. “1. 7 45 © | 84 49 55,0 \@ 
ig. 10 18 Slr 2 ASC, | 4 
16. 10 447 8ST 5! 27:0 | if 

oe bge 8778 85 122° 11,0 | 6.43 3330 





Mr De Cesaris at Milan. 


ee Temp. med. Bitzer: | 
Man 15. 84 5) $2 [86°37 46,81 9 £1 3637 


Mr MASKELYNE« 


Temp. ver. Greens _ ae 
28. | 87 .20 35:0 |=, v8 25,6 


E; 








tree 


i781. 


July, 


Aug. 


Sept. 


Od. 


a 


ae 


Mr Messier at Clugny. 











Lemp. med. Pif. , Long. geoc._ | Lat. Bor. AL 
Seah ee RRMA | hehe Dy oe OW ees 
17 15 49 15 | 8942 22,0| 0 12 143 
Mr Sop. 
22. 160.'84 211 62. 6 O11 Gym dene ween coe 
230 15 158 Ue5 b. Om 2) Oise Oe Ole 
24. 10.17 42 10% A 2 Tee es Cems 
26015 49 058 1 02% Orr Osg, a Oana ae 
27. 34. 1105574 0% 30 Age ae Cae Ose 
28. 14 33 30; 92 12 53,5.) .0 13 454 
29. 14 1+4 A702 TO Ger a Oars 
30. 13 56-38} 92 16 40,01 40 1a. O07 
1. 14 34-38] 92 20 341] 20 13 555 
Me G4. F ehOh OF 22 25 eae On yet 
5.3 $5 $O1 O% 27 30,6 a oeiar ie. 
i as ee ae Bi 24 2. 36.81. ON Oram ot Oo 
Is. 13% 34 22] 92 4I 37,2 O 13 24,0 
18. 12 32 7] 92 44 56,4 | 0 13 33,8 
wari eh ea eho ee ke 
29. 12°28 31/92 52 55,5 | 0 13 43,8 
5. 17 11 46] 92 54 38,3 | © 13 56,1 
6. 17 7 51} 9254 43,1 | © 13 51,8 
8. 10 59 58) 92 54 44,0 | © 13 51,9 
Q. 12 0 1) Q2 S4 42,5 | 0113-5735 
15.16) 205259 ga sr (30,8. 4 [Ong ae 
24. 15 56 36! 92 47 18,6 | 0 14 1244 


; ————— 


presen xs Sgt. —, 
i sliminedeetiar 
cane <3 SD TI a a ee OT 
OS Ea i er ne en ar ye 












if : 


Meff. Maver and Koenia. 


« 1781. 


Lemp, re Man, | Long. Se0e. He 
‘ Oo ; 


Ee 


Lat. Bor. H. 


oO 





Nov.: 4. Ig 28 40 | 92 35° 4,0 


XN 


0. 14. 48;0 vf 
~ Mr MasxKeryne. 


Temp. ver.Gren. 


ne ae Gt [92 28 39,0] 0 14 43,0 
. ee. . Mr Stop.» 
TL cmp. ia Pit. 


~AI, 10 20 20 | 92 24 4,1 |. 0.14 28,1 
/ Dec. 4. 13 10 6,.| O1 35 49,0] 0 14 58,3 
fj Oy F3 Ge 54-41 91190, 6854 3140 Is 0,5 
ie 8.12 §3 37:1 91726 3,2 1.0.15 71 
E3y, 12.32. §5| OT 113, 27,9 A,-0.15 10,8 

Iq. 12 28 58 | Qt 10 53,1 | 0 15 12,7 


Meff. Mayer and Koentc. 


Temp. ver. Man. 
21. 12 1 12| 90 53 80] 0 15 30,0 





E 


pe 





BR od 


Mr SLop. 


r781. / 
Lemp. med. Pit. | Long. geoc.H | Lat. Bor. 4 
es ee ee Re ae rau a e 


12) 


Dec. ¢2.)11 55 58 | 90 50 18,7 | (0 15 1349 
230 AL 5155 | OO) 47 4h5h eee ee 
270° 11 35.25.1100. 27. Sse mem ee 
48.41 31° 19) GO 35 e170 (eo mmmonaas 

1782. 

Jan. 3. 11 14 48 | 90 24 49,2 | © 15 18,7 
Boa 1) AO Ds 22 24,3 | 0 15 19,6 
4. 11) 2 gril gO 17204 omen Fu 
6. 10 54 18 | gO 12 35,4 | O 15 20,9 
8. 10 46 5190 7 32,9] O I5 21,2 
9. 10 41 58190 § 4,5 | 9 £5 20,3 
II. 10 33 46| 90 © 25,2; O I§5 21,9 
12. 10 29°41 | 89 38 7,6] 0 15 39,1 
13. 10 25 37 | 89 55 45,8 | 9 15 21,4 
14. 10 21 29 | 89 53 30,8 | © 15 21,0 
15. 10 17-23 | 89 51 19,5 | O 15 20,7 
17. 10 9 13 | 89 47° 4,0} OnI5 18,6 
“1g. 10 (10 84°80 4273005 4) Cheyne age 
20. 9. 56 58 | 89 40 28,8 | 0 15 24,0 
22. 9g 48 48 | 89 36 22,9] © 15 23,9 
28. 9 24 23 |! 89 24 56,0! 0 15 24,7 


- Meff. Mayer and KoeEnic. 


Temp. ver. Man. 
Feb. - 1. 8 54 7 | 88 55) 2:0 eueee ee 


- a I oS SP oe a 


a 












H 

‘ HI 

[iseet ill 

Mr Stop. ea 

1782, i 
Temp. med. Pil. | Long.geoc.H_ | Lat. Bor. H. ea 

Copia aks ret Se nce, Pee UE Meee : 

Feby §te.6 9 88 ¢Geh 890 1785) |) on15 2 3¥¢ > a 

As MeO, S5g TAY, 8 Oe 1 39°9354 | 10.15 (22,0 aa 

11 8 27 49 | 89 3 45,41 0 15 20,6 a | 

| 15. 8 11 48 | 88-59 18,9 | 0 15 22,8 | 
i 10. 8b 747 | 88 98" 8.7). of 15.294,6 4 

(18. 7 59 48 | 88 56 35,3} 0 15 24,0 a 

19. 7 55 48) 88 55 43,1 | 0 15 24,0 u 

20. 7 51 49 | 88 54 53,9 | © 15 20,7 4 

20, GT 275 eh Soy Fn 1S,9 |.40. 25 20,7 fl 

_ 27 7 24 0} 88 St 3,2] 0 15 16,2 ad 

| Mar. 3. 7 8 13} 88 49 50,4] 0 15 18,0 + 
i 4 7 4 10 | 88 49 41,6 |; 0 15 16,5 | 
: 5. 7 © 21 | 83 49 36,7 |, oO 15 17,7 : | 
q 6 6 56 24 | 88 49 37,4] .0 15 15,8 | 
/ B16 48% 321 88 49 33,6 |..0.18 14,0 iG 
/ 10. 6 4o 40 | 88 49 56,5] 0 15 13,5. 7 
UI OG 494i 38 1s0410.6 haosts: 16,1 j | 

RIM O 2BF foal Bo gO S451 ko Ls 1539 ) 

14 © ee rast 4S 5b -14,8 jo Ly 16,9 i 

Temp. ver. Pil. | | j 

Aug. 20. 14 13 25} 96 11 49,9| 0 16 6,8 | 

OY 34 23ms0.| OO +14. 2252 0 0.95 5747 7 

Dept, ~3. 14.41 465)" 90743" 97,8) 90.16 13,9 i 

4. 14 20 231 96 45 92.8 be ONG 91 O.4 1 





Be eee a a 








[ 38 iI 

















} 

1782. 

Temp. ver. Pif. | Long. geoc.t_ | Lat. Bor. 
“eae : oO i ; ; 


Sept. 12. 13 34 3:| 96 59 26,3 | © 16° 2036 

eg ig. 26 agi O7: ios iain 20k 
25.13 5 14197 bS 20,1 | 016 54.9 ° | 
20, 13 32847 | 7°16" 39,45 WOU ee oe 


Mr MASKELYNE. 


Temp, ver. Gren, 
‘Oct. 24. 


oO 


| 97 18 55,0 |. © 87 36,0 


Differences in mean time of the Tranfit of A 
Geminorum and the New PLANET, and 
differences of its Declination and that of 
H Geminorum, obferved at Edinburgh by 


Mr Profeffor Rospison, 


1702. | 
~ Lem.med. Edin. | Tr, He potA. | D.A—D.H 
oe ae ti bh. pee 3 b tacy, ” 
Dec. 7h. 8 F120 4 oO Bete 022 3 
ol? 9 -22%18 4 7 eo 7ag™ me 
OPAL CPS PRE ye 0 19 56 
ov. §. 20% 29 Val gang 
FS O° Sra] FO hg Ae 





1782. 


Tem. med. Edin. 
ee eee 
Det. 29.09 7.198 ey 
24. 9 24 Of 
26. 8 41 10 
28. 8 34 35 
BOv< 7,.48,.17 
| 31. 9 52 8 
1783. 
Jan... 1. 6.58 42 
Wess G04 1829 | 
ie 5. IO 15 15 
8. 8453) 42 
. 10. - §.51 33 | 
4 Tie 0427 40, 
, 18. 8 36 o 
a 19. 10 26 30 
a4 DR oO 


ne 








-12 39 


ODEO 20 40.0.0 1020 a, 
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Longitudes of the Sun and Logarithms of its 
diftances from the Earth for the mean times 
of the obfervations made at Pifa from the 
aed Auguit 1781 to 14th March 1782, in- 


clufive. 

1781. Long. © Log.dift. © a é 
d. at SOR A 

Aug. 22. st un EDI wipe 0,004.5029 
23. oon TZ 25,0 0,0044036 
24. ih Ok 1 Aaa 0,0043016 

ee HM ee ey Meio hg 

27: Ce Noe NEES 
28. NGS 54 0,0038874 
2.9. 5 6 56 52,9 0,0037806 
30. | § 7 54:46,8 | 2,0039735 

Sept. 1. | § 9 52 33:0 | 90034539 
2- 5 19 49 374 0;003 3447 
sy. | 5 13-43 $392. | 930030780 
in| § 19 33 57 a pees) 
ro. | 5 23,27 4258 ©,0018793 
18. 5 26 21 16,2 0,001 5207 
24s 6.2 14 51,9 0,000765 3 
age |: 6507-8, Oe ©,0001290 

GG. os: | #098 th Seat 9,9993454 
6. | 6 14 14 58,9 | 99992264 
8. 6 16 13 2355 | 9,9989857 
Q: 6 17 © 25,7 9,9988880 
18. | 6 26 7 43:8 | 9:9977754 
24. 7 93. Se Soke 9,9970391 





1782. 


Jan. 


Feb. 


SO XO NO OAD SONOAO. OO GOO WWwWoO WOO M CN] 4 





i 


Say 


Ff20,1 


405% 


19,1 


I OFS 
27,0 


16,4. 


g,5°)4 


12,5 


599 


452 


PY LS 


5642 | 
257 


AG 7 


545i 
40,4. 
3335 4 


Als] 
3055 


§8 3057 


3392 


2453. 


H14 

352 
43,6 
16,2 


96,0 
F 











| Log.dift. Qas 


9,9951538 
9:993350F | 
939932491 | 
9,99 31004. 
949929005 

0,90929267 
9,9927045 
9,9920869 ° 


9,9926334. 


Q, gaees i 


0, 992 265% 
9,9920 2630 
0,9926708 _. 
0,9927°74. 
959927539 
9,9927789 

9,9928 33 ae 
9; 9928040 


-9,99289 )74 


9,9929310 


g.992 9050 


92993939. 
9,9931285 
99931632 
9,993 2550 
9,9935373 
9,9938033 
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1782. : 


Feb, | 4. 
ri. 
ic. 
16. 
18. 
19. 
20. 
26.) 
27, 
(Mar. 


5 
IO 
1O 
1Oo 


IO 4 


II 


be 


If 
IJ 
II 
II 
II 
If 


II } 


Il 


IT 


II 


(II 
ae 


[ 





























14 
I 

20 
20 
21 
21 
21 
22 
21 
21 
Zt 
21 
21 
20 
19 
19 


7 


44,0 


8 28,4 


6,6 
26,8 

1,3 
15,0 
28,4 

255 
5952 
36,6 
26,6 
15,0 

om 
43.3 
5530 
3497 


18 47,6 


18 


21,3 


— Long. © Long. .dift. © at 


9,9940954 
9,9946902 
9,9950537 
9,995 1466 
99953337 
9,9954298 
9,995 5273. 
9,9961429 
9,9962515 
929907037 
9,9968212 
9,9969400 
959970599 
9,9973011 
9,9975436 
9,9976643 


939979959 
9,9980268 
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SiC TION VL 


ae a ee teres 
Ce a SS 


‘The general Problem of SeGQion lV. Exempli-~ 
fied in the NEW PLANET. | 


( 


FO illuftrate our Problem, lewus take 14% 
the firft and the laft of Mr Slop’s ob- 
fervations made at the Mural Quadrant. 


VO ———— Se 


The mean times at Pifa were 


agin Chon (i. 
, 1781. October 5. 17 11 46. 
/ 1782. March 14, 6 25 3. 
é} The interval between the obfervations is 


/ therefore | | 


bee ea’ Fake 
459 13013) 1g 


which reduced to feconds gives 
"213785197" 


Log. t’=7,1394131. 
bgt He 



















ieee 
‘The Sun’s places at the above periods were 


/ 4} 


s oO 


Oe 613 15 50,43 
@’' =I 24 18 21,3. 

And fuppofing the Earth’s mean diftance 
from the Sun=1, the logarithms of the 
Earth’s diftances from the Sun at the fame 
periods are, 

Log. a=9,9993484 
Log. a’=9,9980268. 


The geocentric Longitudes of the planet 
corrected by the nutation were 


/ “; 


s oO 


Lo8 2 54 3945 
Piss 2 108 rons 
hence the Planet’s Elongations — 


, ” 


S Oo, ; 
Too —P=3 10 21 20,0; 


T'=0'—P'=8 25 27 10,9. 















€ 457) 


_ The: logarithms of the fines of thefe 


SL a I gy 


elongations are.» | 

ae | 

Log, fn, T9,9908676; (4 

Log. fin. T'=9,9986310. | : 

The planet’s motion in geocentric lon- 

gitude was : | 
fo koe ; has a ee 

M=P—P=4 3 20,0. <2 ie : 


The planet’s geocentric Latitudes were 


“ ia 


che. 
EO V3 YRO,T s 
bears 16,8. 


- The logarithms of the tangents and of © 
the fquares of the fecants of thefe latitudes 


SS a ——— , a Ot a Sa 
st, a ? , < : : 


are 
Log. tang. / =7,6077645; 
Log, tang. / ==7,6476682; - 


Log. fec.? /’=10,00000713 





Log. fec.? ) =10,0000083. 
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The geocentric latitudes being {mall, 
the cofines of the correfpondent heliocen- 
tric latitudes will differ little from one 
another and from unity. To fave trouble, 
therefore, we fhall, in order to have a firft 


approximated value for R, fuppofe co- 
fin. a=cofin.v=1, and ==S. 





























This gives us 

Log. fin. Exlog. “ a *—9,9922 160—log. R. 

Log. fin. E’=log. eh = 92995657 8—log. R. 
0,040167.¢" 


Log. Sxlog. ROR 752 g065—log. RY/R. 


The quantities M and ¢” compared toge- 
ther, fhew that our planet muft be far 
beyond the moft diftant of any with which 
we are acquainted in our fyftem. Let us 
begin then with fuppofing the radius vec- 
tor R=15 times the Sun’s mean diftance 
from the Earth, which is about one third 





— 
-. 


a ee a ee “eg ae © 7 aoe 
Se ot SS eS Oa ae ee Ee 
a = 4 aie tins| x 
a 


Ned, ok oa = 





ey, ] | 
greater than the diftance of Saturn. We 
have : 
Log. R =1,1760913 ‘ 
Log. RYR=1,7641 369 5 
confequently 
ee fin. E=8,8161247. 
Log. fin. E=8,8205666. | 
Log.S  =3,9887696. 
therefore 
) +M=—4 3 
—E=+3 47 
+E=+3 45 


—5S =—2 42 


cheaces? 


21.05. <= FOr 47 





Lette 


here we are far from the truth, for the 
fum « of the terms of our equation, in- 
ftead of being =o is =47. It is evident, 


therefore, that R has been taken by far 


too little. Let us now fuppofe 


R=20, 


































we have 
Log. R | ==1,3010300.- 
Log. Ry/R=1,9515450¢ 
Log. fin. E =8,6911860. 
2 ue Log. Re E'=8,6956278. 
Log.S  =3,8013615. 


therefore 
ro) a ee 
+M=—4 3 20 
—E=+2 50 38 
+Ex+2 48 54 
—S=—I. 45 29 








A) ra es SO 17 


here it is plain R has been taken too great, 
| but that it is nearer the truth than the 
a * former value, becaufe 9 17 are nearer to 


o than 47.. Let 
R=19,05 


wehave | A | 


Log. R =1,2798950- 
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Log. Ri /R= 19198425. 








Log. fin. E=8,7123210. 





Log. fin. E'=8,7167628. 





Log.S = 3,83 30640. 


tf 





therefore | | | Ce 


7 a? 





pes 
tia 4 e208: nei ) ng 
eee 150g : 4 
+H=+2 57 20 


—S=—! 53 29 


a en hs 















Uy 


@ m—o °0 20 
We are now very near an approximated 
value for R. In order to come at ir the 
fooner, I fay: If the difference between 


co ee i a eee ss a <a 3 


the two laft values of R, (0,95), give the. 
difference between the two. laft values of 


| ; 
wo, (8 57) 3 what quantity, m, to be fub- 

 traéted from the penult value of R, will 
give the penult value of », (g 17)? I find | 
m=0,985, %&c. and therefore sad | ra 


R=19,0155178. 
/ G 



















it 
[ se J 
Log. R=1.2791095- ” 
Log. R/R=1,9186643- 
Log. fin. E =8,7131065. 
Log. fin. E'=8,7175483. 
, Log. S =3,8342422. 


therefore 


ices 320 
—E’=+2 59 28 
+E =+2 57 39 
—S=—I 53 47 


@ oor SO S Oae 


With this value of R I find the Planet’s 


aberration at the firft obfervation = —o",s, 
and at the fecond = —2’,6, and therefore 
1 ® 4 ak 
P=+3 2 54 29,9 
P'—-+2 2851 “95 : 


M=—o 4 3 22,1. 
T=+3 10 21 20,5 
T= +8 24 27 13,5 
















Le a SS ee ee ee 
SOT es ee Oe ss 


el 
Log. fin. T _ =9,9928674, 3 5. . a 
Log. fin. 'T’ =9,9986314. | re | i ! 


Log. cofin. T'=9,2546897. 


Log. cofin. T’=8,8990730. 


a cofin. T 


ee a 
« i —~ Se Sa ay 


a? cofin.®? T__ 


| td aa ery =8,5080820 5 7 


Log. <7  =92998699735 


R? vas . n 
Log. fected 2555822 19; 


acofin, T 
fec.? 


= 0,179 4903 5 


qa? cofin. ? 


ag = +0,0322168. 


Bie yo “ 
caw? —=+09;99791053 








R?2 
Beta 36155945100. 





therefore 



















Log. v=1,2744064. 


: a cofin. T 
Log. ——7-- =8;8971015 ; 
eee @ cofin* sy Es , 

OB ieee) Ukr ane Te cee 


Log. zp — =9199605533 
Log. a So, COSI, 


a’ coin. T’ me 3 : 
Caer ee 


y 


@? cola, Tae . 
———==-++0,00622593 


Noe (ie 
a? as Bet 
cep = 02990905005 
R? Aa | 
fec,?7' = 39155935100, - 
therefore 


Log. v.21,2767107. 

















Lf ser a 


hence ; une Hi, a 


Log. xtang. /=Log, fin. a=47,6030614, 1 is 


Log.< tang. /=Log. fin. 7,04526945 
Log. cofin. .=9,999996s, 
Log. cofin. 1=9,9999958. | a : ’ 


Now, as we know that R is very near 
the truth, and as v and wv’ encreafe nearly : q 
in proportion to it, it is evident that a i } 
{mall alteration in the logarithms of the | 
fines of 4 and , will not fenfibly alter the : 
fums of thefe logarithms, nor the logar- 


ithms of the cofines. We have therefore, 
as conitant quantities, 





. 
rc 
Log. cofin, A. cofin, Sia 20007 79 


: fin, A fin | 9 . 9 
G. “cofin, A. cofin. Pee Ee 330% 





a 
3 i 
AE 

4 . 

WED 

a 

4 

Sone 

» J 
7 i 
hh 

On Re. 

oe) 

4 : Wy 

. ; a 

i | ; 

| A 

Ae 

“yeh. 

Be 
1) a 
- ; 
i: a 
. 
iy | anf 
oak ac 
ey per 
ey ! 
oe 
A ok 
Ye 
g ‘ = 
4 J 
| fl 
bi 
oP 

x i - 
Ey Ba 
ant , 
Anat] AE, 

5 i % 
<3 
* mi 
ua f 
rae 5 
be } 
‘s¢ y 
wy ; \ r 
% iW ‘i 
& a , Y 

2 \ 

/ \ i 
ae a 
i Be 
x 
4 9 co 
* t 
Ba. 
i 
ye 

a 4 4 
4 ; 
sa] we ) : 
» 


the | 


I 
be ee 1 OOOO 
cofin. A.» cofin. A 3 7 ) 















fin. a. fin. »’ 


————_——_—__—— =0, 0000! 4 
colin. A cofin. a ? 77 


and T, we have _ : 


Taking now the corrected values of T 


| a. fin. ; 
Log. fin. E=Log.2-~ = =9,9922193—Log. R 
fy actin Tk’. 666 at, he R 
Log. fin, BS Log. ror 9 7990 0024108 
and, as before, 
Log. S=s,7 529065—Log. RY/R 5 


M being a little greater than it was before, 
R will be a little lefs than we found it. 


Let 
R=19,01 5s 
we have 
Log. R=1,2790963; 


Log. R\/R=1,91864445 




















[rss 


Log. fin. E=8,7131230, ) | rte 


eo. Log. fin. Ex’8,717 5661, 
Log. S=3,8342621, 
k $==6827",51, 


: $8=3413",75=0° 56'53',75, 
| ' Log. fin. 35=8,2187804, 


a. fin.,? = 


rg 
Log. *cofin. A. cofin, == 6,7 385985; 


2 fin, 2 +$ 4 
cofin. A. cofin, VW 029905477> 7) 


Fd olin. = ay ote See x * $20,999452352- | 4 
| ea 4 
| j P 

therefore | ae a 


Oo 
+M=—4 3 22,10 | 
—H=+2 59 29,20 | 
+E=+2 57 39,43 : 
—F=—I 53 46,75 | 





—_ 


@==—O © 0,22 


R is ftill too great Dy a very {mall quans 
tity. Let 








[ 36 4 
R=19,0144, 
Log. R21 27 gooeen 
Lok. R/R=1,91862393 
we have 
Log. fin. E=8,7131367; 
Log. fin. E’=8,7175798 
Log. S—3,8342826, . 
S—6827',83, 
$9341 349220" 56'5 3292s 
ioe fin. 75=8,2188017- 


2. fin.? 23S 
cofin. a. cofin. 


Log. 7265738641 i. 
2. fin.* 4S 


a 
cofin. A. cofin. === 00005478524» 


Cofin. =0,9994522,6- 





































[rere 
! ) theréfore : 
4 ; ae: : 

= +M=—4 3 22,10. 
—Eo+2 59 29,54 
+E=+2 57 39,76 
ZL 53 47511 


- SB : oe ea s) 
oe eer TSS So eee 
Te DE RESTS SLI ES EE 








@—=+o © 0,09 


" R therefore lies between the narrow lis 
7 mits of 19,015 and 19,0144. By means ; 
i of a proportion, I find 

" R= 19,0144342. 


1 have therefore as follows ; 
: Log, 8» =: .2790834 5 


Log. R/R= .91862513 





Log. fin. FEB 71a1seq4 , : 
Be, H3 og. fin. F’==8,7 5 7903 
Log:S =3;83428145. 


§ 6829.84; 


/ “ 


16) 


2924413 ,9=20. §6°53,9 3. 


* 2 
a eo 


Log. fin. 1$—8,2188003. 
TH. 




























L 58 jj 


i 6 7ahb abe 


0 CS Ue EO, 
8: colin. A cofin A 


2 fin. 2 


2 fin.? 28 


5 


Sr TR a 
colin, A colin. A 


ia, eR tT Rs 2. 


Cofin. "—=09994.522,65. 


Mey 2 Cent 
—E= +2 59 295 
Ech? 67 3997 
haa 58 Biot 


———s 





bor OF PORE Bae 


From the above example it appears, that 
a difference, in the-errors of two obfer- 
vations at above five months diftance, 
of 20, produces an error in the radius 
vector of little more than 73> of the 
Earth’s mean diftance from the Sun. Now 
as the difference of the errors of two accu- 
rate obfervations does not exceed 15° or 
16’, from the known accuracy of Mr Stop, 
we may conclude in the fuppofition of our 
Planet’s orbit being circular, that its dif- 


el #359°4)] 


{tance from the Sun is nearly 19,01443425 _ 
and that confequently its periodical revo- 
lution is 82 years and about 11 months. 


As the angle = during an interval of five 
months is exceeded by S by only {5 of a fe- 
-cond,a quantity which has very little influ- 
ence in the value of the radius vector, it will 
be unneceflary in other examples of this 
Planet to calculate x. Which circumftance, 
- together with taking, by a fimple propor- 
tion, the logarithms of the cofines of the 
heliocentric latitudes, reduces the calcula- 


tion to very great fimplicity. 


Let us now take the obfervations of the 
6th of October and 13th March. We have 


as follows: 


k 


yet: OA aa Ps Fuel ky 
1781. Odlober 6.17. 7 515 


1782. March 13. 6 28 58. 


Difference 157. 13 21. 7. 
H 2 








[ 60 
















t” = 13612867". 


Log. 2°=7,1339494 5 


s 0 
©—= 6 14 14 58,93 
o'=11 23 18 47,0: 
Log. a=9,9992234 3 
Log. a’=9, 979059» 


Sum of the aberration and nutation for | 
Oct. 6..>-—8,4.; and for March 1 3:=--8,0, 


‘Therefore 


/ ” 


s 1@) 


P= 3 2 54 3475 
P's 228 SORAS EE 
M=—o 4 3 51,6; 
Sy 9 Po Oe ae. 


Te. 6 24.98 cag. 


~ 





{:61 ] 
Log. fin. T=9,9914376. | 
Log. fin. T'=9,9979723- 
Log. cofin. Nowa qcnees 
Log, cofin. NE set 
Log. fin. E=9,9906695-—loe. R, 


Log. fin. E=9,9958824—log. R. 


Log.S — =5,7474428—log. R/R, ‘ 


Let us fuppofe — 
= | R=19,0144342, 
/ we have | 
y | Log. R  =1,27908343 
; Log. R/R=1,9186251. 

Log. fin. E ae 15861. 
Log. fin, H'=8,7167990. 


Log.S  =3,8288177. 

























|e 


[ 62 7} 





therefore 
o ‘ 
+M=—4 3 51,6 
—H=+2 59 10,3 
+E =+2 57 1,9 
—S=—I 52 21,8 
om—0O FD 1,2 
Let 
R=19,008, 
$ 
we have 
Log. R =1,2789364. 


Log. R\/R=1,91840464¢ 


Log. fin. E=8,71 17331. 


Log. fin. E’=8,7169460. 


Log. 8 


therefore 


=3,8290382. 


© : 
+M=—4 3 51,6 
—E= +2 59 13,9 
+E=+2 57 535 


—Sm—I §2 25,2 





—ee 


o—=+o 0 2;6 











CS Gree 
The proportion gives 
R 19,0124. 
Log. R Ee deceGo) 
Log. RY/R=1,91855 54. ; 
Log. fin. E=8,7116326. 


Log. fin. E’=8,7168455. 


Log.S  =3,8288874, 


e@ ? Aid 
+ M>=—4 (3 °61;6 
ES +2 59 1114 
+E=+2 57 . 3,0 


—Z=—I 52 22,8 


QS Of Om OO 


The nine following combinations are 
fuch, that an error of 7” or 8" in each ob- 
fervation cannot produce, in the value of 
the radius vector, an error of above zis 

of the Earth’s mean diftance from the 
Sun. 











[ 6h 7 
The obfervations by Mr SLopof 5 
OG. 5. 1781, and March 14. 1782, give 
~ R=19,;014434- 
Od. 6. 1781, and March 13. 17825 
| =19,012400. 
Octs 50/1784. and March 3. 1782, 
R=19,011196. : | 
Oa. 8. 1781, and March 11. 1782; 
R=19,003730: Si 
Oa. 18. 1781, and March 1o. 1782, 
R=19,001396- 
Od. 24. 1781,)and March 4. 1782, 
R=18,982314- 
Od. 24. 1781, and March 3. 17825 
R=18,981850, 
OG. 24. 1781. and March 14 17825 
R=18,980485- ; 








9 a *< 


. Rs 








it oes 
O&. 24. 178, and March 13. 1782, 

R=18,978 509. | | 
The medium of the above combinations 
gives 

R=18,996258. 

In fome of the four following combina- 
tions, an error in one of the obfervations 
of lefs than ;> of a fecond makes an alter- 
ation of ;4; in the radius vector. The 
refults fhew how much Mr Slop’s obferva- 
tions may be depended on. 


‘The obfervations of 


O&. 5. and 6. 1781, give 
=18,920860. 

Dec? 22. and 23. 1701, 

: Pttghe oS a: 

Aug. 22. and Sept. 29. 1781, 


R==19,017e40. - 








| Jan 8. and 15. 1782, 
R=18,941870. 
Taking a medium we have 

R=18,983096. 


This, added to the medium of the former 


combinations, and the fum divided by - 


2, gives 


R, or the diftance of the new planet from the 
Sun, =18,e@89677 ; : 


that is, nearly ¢wo thoufand millions of miles. 
and 


RR, or the time of its periodical revolu- 
tion, 82,7516. | 


that is, eighty-two years and fomething 
more than zine months. | 


H’s motion in its orbit is therefore as 


follows : 
Ms ay 
Annual, “ - ae 217 4 tes 
Diurnal, n - Oo o 42,88 


Horary, 





init ee 






















Ss eee 
ee  se, S ene 





b 207.71) 
The obfervations of 24th OGtober 1781, 
and 13th March 1782, give for 


S ro) v Ve 
The Longitude of its Node, 2 13 28 55,4 
The Inclination of its wer isp 

o0 0 48 7,4 


to the Ecliptic, 


Thofe of 24th October 1781, and 3d March 


1782. 


: Ss oO . . 
Long. Nod, ~ 213 29 5953 
Incl. Orb. q > Oo oOo 48 11,7 ; 


The medium of thefe two gives 


| site Oe ee 
Long. Nod. ‘ 2 13 29 2753 


Incl. Orb. : - Oe As Gym 


The above theory agrees extremely well 
with the longitudes obferved by Mr S1op 


with the Mural Quadrant. The errors of 


moft of them do not come the length of 
5", and none exceed 7’ excepting thofe of 
O@ober 18th, January 17th, and Febru- 
ary ift. Though this does not warrant 
12 
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us to fay that the New Planet’s orbit is 
circular, it is beyond difpute that its dif- 
tance from the fun differed very little 
during the {pace of above five months, and 


that that diftance was nearly 18,989677. 


- 'Twoother Series of good obfervations, at 
the diftance of two or three years from that 
which we have made ufe of, and from 
each other, will give us by a fimilar proce- 
dure two other radii vectores, | 


By means of the three radu vectores 
thus found, we fhall be able in a few 
years to determine with tolerable accuracy 
all the elements of ‘the elliptical orbit of 


our Planet. 


Though the inclination of its orbit 
above determined agrees pretty well with 
the latitudes obferved during the five 
months referred to, it cannot be expected 
to be very exact. From a comparifon of 
the latitudes of Auguft and: September 
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1781 with thofe of Auguft and Septem. - 

ber 1782, the Planet feems to have ad- 

vanced in latitude fomething more than 

3’. Whence it would appear that the ine . 
clination of its orbit furpafles one degree. | 





4 The longitudes of Auguft and Septem- 

4 ber 1781, compared with thofe of Auguit 

y and September 1782, fhew that the Pla-' ‘ 

i net’s velocity is increafing. It would feem, og 

a therefore, to be advancing towards the | 
i perihelion. . 4 
q SECTION VIL 

/ Nes 

: Mr Suop’s Theory, Bee” 


ROM two interpolated places, the one 

12h. before, and the other 12 h. after, 
the Planet’s oppofition to the Sun on De- 
cember 21ft 1781, Mr Stop found 





The Radius Vetor=1 8.9894 





WEEN : 
and, from a comparifon of the obferva~ 
tions of 15th May, 17th July, and 18th 
October 1781 with thofe of 1 sia and 14th 
March 1782, 


Long. Nod.=2*°14° 24 20°, 

Incl..Grb. =o 0 51 41, 

This theory gives for the errors of the 
obfervations made at Pifa from 22d Au- 
gutt 1781 to 14th March yee clare 
as follows : 


i781. Err. in Long. : Err. in Lat. 


Aug. 22. +0° °° 34,7 HO A Te 
heh +o 28,4 a. aa 
24. +O 29,3 prs 2 
2.6. +o 31,0 6 SEG 
27. | +0. 314 —o 6,6 
28. eo. (20s2 ees 
29. 10%, 20,2 meee a8 


3,0 +9 30,9 =o 953 
Sept. Fr. 40 24,2 —o . $59 


2. ab), a 2 cor eWere e 
5. XD, 4 Qing EA ha 
on +0 20,4 “O° eo 
IS. a OE ey rage Pg 
18. EO tas cebe se 
24. +o. 11,7 =~ Dio 


20. +o 8,3 — a 
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Nov. 11, 
Oct. ys. 
6. 
g. 
Q. 
18. 
24. 
Dee. 74. 


II. 
12 


14. 





Ie 


] 


Err.in Long. 
+O 354 
Y seG. 10,0 
sha < ie 
+o 5,9 
+O 553 
+o 11,8 
+O 1,3 
+9907 4 94,0 
BQ shad 
“Oo 454 
TO, we af 
—o OI 
+O 2,0 
+0 20° 
rey EE 
mar dees A aey, 
S055 2.0 
er foges fs 
raiow, en a 
wart) © RE, 
aE Oe rat Ogle 
‘FO 557 
+O 2,3 
+o I,I 
+9 324 
Soe A). 
574", O55 


Err. in Lat. 
+0 6,5 
—o 11,9 
cha su3s7. 
Oy O54: 
7 we 
ari 1 PO 
mo 2.6 
—9o 2.8 
—o 759 
— oO 74 
—o 8,6 
—O 253 
70 0,0 
=) 0,9 
Ba? ew 
—G 355 
ne ALD 
9. 2.8 
Kea 5329 
cee wee 
ep ee 
Ole 2.2 
—o oO,I 
PO Nat 
—o 1,8 
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fa oar 
| Err. in Long. Err.in Lais 


1782. 
Jan. 17. saat 1150 0 Se 
IQ. MEO “359 9 656! 
20. RO gigas slo ON aE 
; Dans 1. Geese -——@ 2,6 
| 3855 A ee WSF —~o 2,7 
Feb. 1. vk’ dog —o 1,4 
Ae +0 1,9 +o” 6,3 
Il. 40 0,1 “HO Ee: 
Mic, £0: (251 mare eae FY 
i 16. £0, 938 oO 2.8 
18. —O 0,5 2 
1Q. +o 6,7 | TOF 2,6 ‘ 
20. ~O 454 “el 052 
26. +o 5,6 i) 1958 
Je) poe 6;0 TO 395 
Mar. 3. NS EP ae +o 1,0 
a AO 1g? tol? oi3 
ae ae Oe ere eh 
6. =O) AL i 245 
8. +0 5,2 +o 4,1 
Sih ie ede TY, tO: Bok 
II. VO) 2 +o 1,0 
13. +o 5,7 |- —“0. 1,4 
14. #0 1059 Oo 0,0 


~. 2 Ea Boia: 
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